ABSTRACT An attempt was made to determine if emphysema and static lung recoil were related in a group of 65 excised human lungs. We studied 23 normal lungs, 24 lungs with an emphysema score of 5 or less, and 18 lungs with an emphysema score greater than 5. A comparison of the percentage of predicted elastic recoil revealed that both emphysema groups were significantly different from normal lungs. In addition, the total lung capacities were significantly different between the three groups. In the group with an emphysema score greater than 5 we found a linear negative correlation between the extent of emphysema and percent of predicted elastic recoil at 90 O/% total lung capacity (r=-0-696, p<0 01). We found a negative correlation between the percentage of predicted elastic recoil and the lung volume (r=-0-612, p<0 01). We conclude that a significant loss of elastic recoil and a significant increase in total lung capacity occurs in the early stages of emphysema. Lungs were cannulated and inflated with air.
between the extent of emphysema and percent of predicted elastic recoil at 90 O/% total lung capacity (r=-0-696, p<0 01). We found a negative correlation between the percentage of predicted elastic recoil and the lung volume (r=-0-612, p<0 01). We conclude that a significant loss of elastic recoil and a significant increase in total lung capacity occurs in the early stages of emphysema.
It is generally believed that the anatomical destruction of pulmonary tissue in emphysema is closely related to the functional loss of elastic recoil. Thurlbeckl 2 has challenged this concept in recent articles and presents an alternative hypothesis that emphysema and elastic recoil are related only coincidentally. If the traditional view is correct and emphysema and elastic recoil are related as cause and effect, a good correlation between elastic recoil and emphysema should be present
Methods
Excised human lungs were obtained from necropsies performed at either Colorado General Hospital or the Denver Veterans Administration Hospital. Lung specimens were chosen which appeared free of significant disease other than emphysema. Lungs that were later found on microscopic examination to have any pathological process other than emphysema that involved greater than 10% of the lung were eliminated from the study. This experimental protocol was completed within 48 (table 3) . Surprisingly, there was no significant difference between the two emphysema groups.
The total lung capacities were different for each group (fig 1) . An analysis of variance shows that the percentage predicted TLC differed significantly (p<0-02) between the three groups.
In order to gain some insight into the relationship of emphysema and elastic recoil, we correlated the extent of emphysema against Pst(l) x in the greater than grade 5 emphysema group of lungs. There was a negative correlation which was significant (p<0 05) at Pst(l) 80, 90% of TLC using the data of Knudson We have compared the Pst(l) 50% obtained from all lungs against the transpulmonary pressure at 50% of the total lung capacity reported by Since there is a difference in the sizes and volumes of the lungs we have studied, we have also used the method of Niewoehner and associates'2 which expresses the elastic properties of a lung independent of lung size and volume, al (fig 5) . Our study would support the observations of Niewoehner et al'2 that pressure-volume curve differences can be detected in mild emphysema and this difference is caused by elastic characteristics.
Our study tested the hypothesis that mild emphysema can be detected by pressure-volume curves by comparing elastic recoil data from normal subjects with lungs with only minimal anatomic emphysema-that is, grade 5 or lesscompared in turn to a group with various degrees of advanced emphysema. We found that the group with minimal emphysema did have reduced elastic recoil compared to normal subjects when we expressed the static lung recoil as a percentage of predicted. It would thus appear from our data that changes in elastic recoil occur early with anatomical emphysema.
If emphysema and elastic recoil are related as cause and effect then a good correlation between the amount of emphysema and the loss of elastic recoil should be present. Linear correlations made between the grade of emphysema and the percentage of predicted elastic recoil at Pst(l) 90% did reveal a significant negative correlation (r= -0-696), but this correlation was not as strong as one would have expected if the loss of elastic recoil was directly related to the extent of emphysema. The predicted elastic recoil used for these correlations were after Knudson et al. 7 Thurlbeck has speculated that since mean linear intercept was increased in a group of excised human lungs with mild emphysema compared with normal lungs, but the mean alveolar surface area corrected for an arbitrary lung volume of five litres was not altered, this suggested an increased lung volume.23 More recently he has suggested that a change in lung volume in patients with equivocal or mild degrees of anatomical emphysema could account for the mechanical property changes described with age in living subjects.2 The data from the present study would support Thurlbeck's notion-that is to say, the increase in lung volume in the group with minimal emphysema is out of proportion to the extent of emphysema. The greater volume of the lungs noted at a given distending pressure must be derived from altered elasticity.
Although we found differences in percentage predicted TLC among the three groups examined, the possibility remained that excised human lungs demonstrate an increase in percentage predicted TLC with age. Since age differences were present in the groups studied we tested the normal group with respect to percentage predicted TLC and age. No significant correlation was found (r=0-13, p>0 05). It 
